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Abstract

Background Claudin-18 isoform-2 (CLDN18.2) is a novel biomarker and therapeutic target for gastric cancer (GC). It may
exhibit the intratumoral heterogeneity and varying expressions between biopsy and surgically resected specimens as well as
pre- and post-chemotherapy, which could impact patient selection for the targeted agents.

Methods CLDN18.2 expression was immunohistochemically evaluated in pretreatment biopsy and surgically resected speci-
mens from 183 patients with pT2-T4 GC who underwent upfront gastrectomy. The intratumoral heterogeneity was evaluated
by classifying the distribution of CLDN18.2 positive cells as superficial, invasive-front, or random pattern. Furthermore, a
separate cohort of 38 patients who underwent neoadjuvant chemotherapy without zolbetuximab were analyzed to compare
the pre- and post-treatment CLDN18.2 status.

Results CLDN18.2 positivity was observed in 31% (56/183) of patients. Among the 93 patients with 2+ /3 + expression
in > 10% of the tumor cells, 81 (87%) had heterogeneous expression patterns, including superficial (n=46), random (n=24),
and invasive-front (n=11) patterns. The overall biopsy—surgery concordance rate was 86% (157/183), but it decreased to
73% (59/81) in patients with a heterogeneous expression pattern. Notably, the concordance rate was particularly low in the
superficial pattern, at only 65% (30/46). Among the 38 patients who underwent neoadjuvant chemotherapy, only 4 of 11
initially CLDN18.2-positive cases remained positive after treatment, although the overall concordance rate was 82% (31/38).
Conclusion The CLDN18.2 expression demonstrated an acceptable concordance between biopsy and surgically resected
specimens. However, high prevalence of heterogeneous expression and tendency for CLDN18.2 positivity to shift to negativ-
ity following chemotherapy existed.

Keywords Gastric cancer - Claudin-18 - Intratumoral heterogeneity - Molecular targeted therapy - Immunohistochemistry

Introduction

Gastric cancer (GC) is a major health issue and is one of
the leading causes of cancer death worldwide [1, 2]. In
Japan, it has the highest mortality rate among gastroentero-
logical malignancies [3]. At present, the standard of care
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for resectable GC is surgical resection; however, recurrence
following surgery or primarily unresectable GC is often
encountered [4]. However, despite recent advances in the
development of new agents, the prognosis remains poor [5].
To improve the outcomes of patients with advanced GC, the
development of new target agents is urgently needed.
Zolbetuximab, an antibody against isoform 2 of clau-
din-18 (CLDN18.2), has been recently developed as a novel
therapeutic agent for patients with advanced GC. CLDN18.2
is predominant in normal stomach mucosa and remains dur-
ing malignant transformation in GC [6, 7]. CLDN18.2 was
exposed on the surface of tumor cells as tight junctions
become disrupted in GC malignant transformation and loss
of cell polarity [8, 9]. Two recent phase 3 trials showed the
survival benefit of zolbetuximab addition to the standard
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regimen as a first-line chemotherapy for patients with unre-
sectable or metastatic CLDN18.2-positive GC [10, 11].

The potential concern for CLDN18.2 is its intratumoral
heterogeneity, similar to issues encountered in human epi-
dermal growth factor receptor 2 (HER2) immunohisto-
chemistry (IHC) [12, 13]. At present, biopsy specimens are
often used to conduct CLDN18.2 testing for unresectable
or metastatic GC. However, intratumoral heterogeneity may
compromise diagnostic accuracy, particularly when assess-
ment relies solely on biopsy specimens. Despite its clinical
relevance, CLDN18.2 heterogeneity remains insufficiently
characterized, and no prior study has compared expression
between matched biopsy and surgically resected specimens
in resectable GC. Understanding this discordance is impor-
tant, as it may influence patient selection for CLDN18.2-
targeted therapies. Another clinical issue, as indicated in
the HER?2 testing [14—-16], is the potential for CLDN18.2
expression to change pre- and post-chemotherapy. With the
increasing use of neoadjuvant chemotherapy for resectable
GC, sufficient understanding of these features is crucial for
selecting appropriate samples and timing for companion
diagnostic testing.

In this study, the intratumoral heterogeneity of CLDN18.2
in surgically resected specimens was assessed, and its impact
on biopsy specimen evaluation was investigated by compar-
ing the CLDN18.2 expressions between matched biopsy and
surgically resected specimens. In addition, the changes in
CLDN18.2 expression pre- and post-neoadjuvant chemo-
therapy without zolbetuximab were examined.

Patients and Methods
Patient population and samples

This study included 183 patients with pathological T2-T4
GC who underwent upfront gastrectomy without neoad-
juvant chemotherapy and 38 who underwent neoadjuvant
chemotherapy followed by gastrectomy at Osaka Univer-
sity Hospital between January 2013 and December 2019.
The regimens of neoadjuvant chemotherapy were either
S-1 plus oxaliplatin (SOX) or docetaxel, oxaliplatin, and
S-1 (DOS), and cases with a histological response of Grade
3 were excluded from the eligibility. Surgically resected
formalin-fixed paraffin-embedded (FFPE) specimens were
examined for CLDN18.2 expression. All 221 patients were
available for the evaluation of CLDN18.2 expression using
pretreatment biopsy and surgically resected specimens. The
pathological TNM staging was based on the Japanese Clas-
sification of Gastric Carcinoma, 15th edition [17]. The study
was approved by the Ethical Review Board of the University
of Osaka Hospital (No. 8226-10, 24,425). Informed consent
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to be included in the study was obtained from all patients, in
compliance with the Declaration of Helsinki.

IHC and its evaluations

IHC for CLDN18 was performed on 4-um FFPE sections.
After deparaffinization with xylene and rehydration through
graded ethanol, endogenous peroxidase activity was blocked
using 0.3% hydrogen peroxide. Antigen retrieval was then
performed by autoclaving the slides in citrate buffer (pH 6.0)
at 110 °C for 15 min. Slides were incubated overnight at 4 °C
with a CLDN18.2 primary antibody (Clone 43-14A, Roche
Ventana, Oro Valley, AZ), followed by a 30 min incubation
with an anti-mouse secondary antibody (Histofine Simple
Stain MAX-PO, Nichirei, Tokyo, Japan) at room tempera-
ture. Staining was visualized using 3,3'-diaminobenzidine
tetrahydrochloride (DAB Tablet, FUJIFILM Wako Pure
Chemical Corporation, Osaka, Japan) for 3 min. To evaluate
CLDN18.2, the intensity of tumor cell membrane staining
and the percentage of tumor cells with complete, basolateral,
or lateral membrane staining were evaluated. The nonneo-
plastic gastric mucosa consistently exhibited strong staining
as a positive internal control, and the intensity was evaluated
as either strong (3 +), moderate (2 +), weak (1 +), or none
(0) (Fig. S1). The percentage of each stained tumor cell was
assessed approximated to the nearest 10%. CLDN18.2 posi-
tivity was defined as moderate-to-strong (2 +/3 +) expression
in>75% of the tumor cells in pretreatment biopsy specimens
and/or surgically resected FFPE specimens. IHC analysis
was conducted under the supervision of a pathologist (Y.M.)
of the Department of Pathology, University of Osaka Hospi-
tal, who was blinded to the clinical data. Samples that could
not be evaluated due to staining failure were substituted with
alternative blocks.

Intratumoral heterogeneity of CLDN18.2
in surgically resected specimens

The intratumoral heterogeneity of CLDN18.2 was evalu-
ated on surgically resected FFPE specimens. A homogene-
ous expression pattern was defined as expression in more
than 90% of the area with a 2 +/3 + intensity, according to
the previous studies [18, 19]. A heterogeneous expression
pattern was defined as expression in 10%-90% of the area
with a 2 4+/3 +intensity, as we aimed to capture intratumoral
variability even in cases with relatively low CLDN18.2
expression. The primary whole tumor area was subdivided
into three zones from the mucosal surface toward the inva-
sive margin: the superficial, central, and invasive-front
zones [20]. CLDN18.2 expression was assessed separately
within each zone, and the distributed pattern was classi-
fied as superficial, invasive-front, or random, as previously
reported [18, 19]. Superficial pattern was defined as the
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highest expression predominantly located in the superfi-
cial zone, and invasive-front pattern as the most prominent
expression in the invasive-front zone. Random pattern was
assigned when neither criterion was met, characterized by
a patchy distribution of staining with variable intensities
without zonal predominance. Representative images of a
homogeneous and three heterogeneous expression patterns
are presented in Fig. 1.

Statistical analysis

The associations between CLDN18.2 expression and clin-
icopathological characteristics were analyzed using the chi-
squared test for categorical variables and the Mann—Whitney
U test for continuous variables. Relapse-free survival (RFS)
was defined as the interval from the date of surgery to the
date of recurrence or death from any cause. Overall survival
(OS) was defined as the interval from the date of surgery to
the date of death from any cause. The survival rates were
estimated using the Kaplan—-Meier method and compared
using the log-rank test. The hazard ratio (HR) for death in
CLDN18.2-positive patients was estimated using a Cox pro-
portional-hazards model. Multivariate Cox regression analy-
sis was performed to adjust for potential confounding fac-
tors, including commonly used prognostic factors in gastric

Homogeneous

cancer. Concordance of CLDN18.2 positivity was evaluated
using Cohen’s kappa coefficient (k) for biopsy-resection
pairs, including pre- and post-neoadjuvant comparisons. The
paired comparison of the percentage of CLDN18.2—posi-
tive tumor cells before and after chemotherapy was per-
formed using the Wilcoxon signed-rank test. P <0.05 was
considered to indicate statistical significance. All statistical
analyses were conducted using the SPSS software (version
29.0.2.0, IBM Corp., Armonk, NY, USA) and JMP software
(Student Edition 18.2.1, SAS Institute, Cary, NC).

Results

CLDN18.2 expression status and clinicopathological
characteristics

THC of CLDN18.2 showed that 56 (31%) of all 183 patients
who underwent upfront gastrectomy were found to have
CLDN18.2-positive expression. To assess potential tempo-
ral influences, we divided the entire cohort into two chrono-
logical periods; the first half (February 2013 — June 2016;
n=92) and the second half (June 2016 — December 2019;
n=91). The CLDNI18.2 positivity rates were 28% (26/92)
and 33% (30/91), respectively, with no significant difference

expression
pattern

Heterogeneous
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Superficial zone : 1+
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Fig. 1 A representative image of the case showing CLDN18.2 intra-
tumoral heterogeneity. a Homogeneous expression pattern: The tumor
cells with a staining intensity of 3+ were evenly distributed in the
tumor. b Superficial pattern: The tumor cells in the superficial zone
showed a staining intensity of 3+, whereas the tumor cells in the
invasive-front zone showed a weak staining intensity of 1+. ¢ Inva-

sive-front pattern: The tumor cells in the invasive-front zone showed
a staining intensity of 3+, whereas the tumor cells in the superficial
zone showed a weak staining intensity of 1+. d Random pattern: The
distribution of various stained tumor cell expressions was patchy.
CLDN18.2 Claudin-18 isoform-2
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between the periods (P=0.49). The clinicopathological
factors of all patients were compared by CLDN18.2 status
(Table 1). CLDN18.2 positivity was observed in a higher

Table 1 Characteristics of 183 patients who underwent upfront gas-
trectomy

Characteristics CLDNI18.2 (+) CLDNI18.2 (-) P
(n=56) (n=127)

Age (years)
Median (range) 74 (44-89) 71 (35-90) 0.19

Sex
Male 47 (84%) 83 (63%) 0.011
Female 9 (16%) 44 (37%)

Location
Upper third 24 (43%) 35 (28%) 0.041
Middle/lower third 32 (57%) 92 (72%)

Histological type
Differentiated 32 (57%) 64 (50%) 0.40
Undifferentiated 24 (43%) 63 (50%)

Pathological T status
T2 24 (43%) 49 (39%) 0.70
T3 15 27%) 42 (33%)
T4 17 (30%) 36 (28%)

Pathological N status
NO 30 (54%) 58 (46%) 0.32
NI1-3 26 (46%) 69 (54%)

Lymphatic invasion
Absent 12 (21%) 18 (14%) 0.22
Present 44 (79%) 109 (86%)

Venous invasion
Absent 28 (50%) 51 (40%) 0.22
Present 28 (50%) 76 (60%)

Pathological stage
| 19 (34%) 31 (25%) 0.41
I 19 (34%) 50 (39%)
1l 18 (32%) 46 (36%)

CLDN18.2 Claudin-18 isoform-2

Fig.2 Kaplan—Meier relapse- a

free survival a and overall 1.0

survival b according to the

CLDN18.2 expression status 208
in 183 patients who underwent é
upfront gastrectomy CLDN18.2 £ 06
positivity was defined as g
moderate-to-strong (2 +/3+) 2 04
expression in>75% of the E‘f 02

HR =0.66 (95% CI, 0.37-1.15)
log rank P=0.14

tumor cells in pretreatment
specimens. CLDN18.2 Clau- 0
din-18 isoform-2, HR hazard 0 2 4
ratio, CI confidence interval

Number at risk
CLDNI18.2(+) 56 42 36

CLDNIg82(-) 127 88 64
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6

Years after surgery

proportion of men (P=0.011). Tumors located in the upper
body of the stomach were significantly more likely to be
CLDN18.2-positive (P=0.041). The other factors, includ-
ing histological type and pathological stage, demonstrated
no significant association with CLDN18.2 positivity. The
RFS and OS of the 183 patients were analyzed to assess the
prognostic impact of CLDN18.2 expression. Over a median
follow-up of 4.2 years (interquartile range [IQR], 2.6-5.3),
RFS events occurred in 16/56 CLDN-positive and 51/128
CLDN-negative patients, with no significant difference
between groups (HR, 0.66; 95% confidence interval [CI],
0.37-1.15; log-rank P=0.14) (Fig. 2a). For OS, during a
median follow-up of 4.5 years (IQR, 1.6-5.2), 16 and 39
deaths occurred in the CLDN-positive and -negative groups,
respectively, also showing no significant difference (HR,
0.93; 95% CI, 0.52-1.66; log-rank P=0.80) (Fig. 2b). A
Cox multivariate analysis of OS with CLDN18.2 status and
seven clinicopathological factors (age, sex, location, histo-
logical type, pathological T status, pathological N status,
adjuvant chemotherapy; ratio of events to covariates, 6.9)
revealed that pathological T and N status (P=0.003 and
P =0.004, respectively) were significant prognostic factors
but that CLDN18.2 status was not (P=0.58).

CLDN18.2 intratumoral heterogeneity in surgically
resected specimens

To evaluate the intratumoral heterogeneity of CLDN18.2,
the percentage of tumor cells per staining intensity in 183
surgically resected specimens was investigated (Fig. 3). The
detailed IHC results for the percentage of tumor cells with
moderate-to-strong CLDN18.2 expression in 183 tumors
were as follows: 75%—100%, 40 (22%); 40%—75%, 30 (16%);
10%-40%, 23 (13%); and 0%—10%, 90 (49%). Of the 93
patients with 2 +/3 4+ expression in > 10% of the tumor cells,
12 (13%) had homogeneous CLDN18.2 expression patterns
and 81 (87%) had heterogeneous expression patterns, includ-
ing superficial (n =46), random (n=24), and invasive-front
(n=11) patterns. The cohort was further stratified into two

CLDNI18.2(+) (n=56)

CLDNI18.2(+) (n=56) . 08
ks
g
E 0.6
3
E 04
g
g CLDNI18.2(-) (n=127
CLDNI18.2(-) (n=127) ) (n=127)
02
HR =0.93 (95% CI, 0.52-1.66)
log rank P = 0.80
0
8 10 0 2 4 6 8 10
Number at risk Years after surgery
CLDNI8.2(+) 56 44 35 8 4 1

CLDNI18.2(-) 127 105 74 26 6 2
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pontiviy CLDN18.2 (+)

CLDNI18.2 (-)

Percentage of 2¢/3+- | 90— %
stained umor cells | 100% *

T00% | 0

75-90% 40-75% % 10-40%

Percentage of stained tumor cells

Concordance between
biopsy and surgically
resected specimens

1 50

Fig.3 Visualization of the percentage of tumor cells in 183 surgi-
cally resected specimens per CLDN18.2 staining intensity. The per-
centage of each stained tumor cell in 183 surgically resected speci-
mens without preoperative chemotherapy was assessed approximated
to the nearest 10%. Claudin-18 isoform-2 (CLDN18.2) positivity
was defined as moderate-to-strong (24/3+) expression in>75% of
the tumor cells. The percentage of 2+/3 +-stained tumor cells was
divided into 0%-10%, 10%—40%, 40%—75%, 75%-90%, and 90%—

clinically defined groups: CLDN18.2-positive (>75%) and
negative (10-74%), and the superficial pattern was most
common in both groups (Table S1).

Comparison of CLDN18.2 expression
between matched biopsy and surgically resected
specimens

For each patient, the median number of biopsies from the
primary tumor was 3 (range, 1-6). The positivity rate meas-
ured by specimen was 25% (46/183) for the biopsy speci-
men and 22% (40/183) for the surgically resected specimen.
The overall biopsy—surgery concordance rate was 86%
(157/183, k=0.61, P<0.001) (Table 2). The color map
for the concordance between the pretreatment biopsy and
surgically resected specimens for CLDN18.2 is presented
in Fig. 3. Of the 12 patients with homogeneous expression
patterns, 11 (92%) demonstrated concordance between the
biopsy and surgically resected specimens. Meanwhile, only
59 (73%) of the 81 patients with heterogeneous expression
patterns demonstrated concordance. As regards the three dis-
tributed patterns, the concordance rates were 65% (30/46,
k=0.31, P=0.024), 79% (19/24, k=0.55, P=0.005), and
91% (10/11, k=0.62, P=0.026) for the superficial, random,
and invasive-front patterns, respectively (Table 3). Moreo-
ver, of the 16 discordant cases with positive and negative
CLDN18.2 expressions on the biopsy and surgically resected
specimens, respectively, 75% exhibited the superficial

0-10%

. 3+ / Strong
[J2+/ Moderate
[ 1+ / Weak

. 0/None

. Homogeneous
[ Superficial
. Invasive-front
. Random

. Concord
. Discord

100 150

100% using dotted lines. Intratumoral heterogeneity was assessed in
cases with>10% of tumor cells demonstrating moderate-to-strong
(24/34) CLDN18.2 expression. Cases with one homogeneous and
three heterogeneous expression patterns (superficial, invasive-front,
and random pattern) are denoted by colors (purple, green, red, and
black bars). The concordance of CLDN18.2 expression between the
biopsy and surgically resected specimens is also denoted by colors
(orange and blue bars)

Table2 Status of the CLDNI18.2 expression between the matched
preoperative biopsy and surgically resected specimens in 183 patients
who underwent upfront gastrectomy

Surgically resected specimen Total
CLDN18.2 (+) CLDNI18.2(-)
Biopsy specimen
CLDN18.2 (+) 30 16 46
CLDNI18.2 (=) 10 127 137
Total 40 143 183

CLDN18.2 Claudin-18 isoform-2

pattern (Table S2). Of the 10 discordant cases with nega-
tive and positive expressions on the biopsy and surgically
resected specimens, respectively, the superficial and random
patterns were observed in four (40%) cases each (Table S3).

Comparison of CLDN18.2 expression pre-
and post-neoadjuvant chemotherapy

We evaluated CLDN18.2 expressions using pretreatment
biopsy and surgically resected specimens from 38 patients
who underwent neoadjuvant chemotherapy (DOS in 28
patients and SOX in 10) followed by gastrectomy. Patients
with a histological response of Grade 3 were excluded from
the entire study, in accordance with the eligibility criteria.
Among the remaining 38 cases with a histological response
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Table 3 Status of CLDN18.2

. Heterogeneity patterns
expression between the matched

Surgically resected specimen Total

preoperative biopsy and CLDNI18.2 (+) CLDN18.2
surgically resected specimens =)
according to the heterogeneity
patterns in 183 patients who Homogeneous Biopsy specimen
underwent upfront gastrectomy CLDN18.2 11 0 11
(+)
CLDN18.2 1 0 1
=)
Total 12 0 12
Concordance rate: 92%, k: N/A
Superficial Biopsy specimen
CLDN18.2 12 12 24
+)
CLDN18.2 4 18 22
=)
Total 16 30 46
Concordance rate: 65%, k=0.31 (P=0.024)
Invasive-front Biopsy specimen
CLDN18.2 1 0 1
(+)
CLDN18.2 1 9 10
)
Total 2 9 11
Concordance rate: 91%, k=0.62 (P=0.026)
Random Biopsy specimen
CLDN18.2 6 1 7
(+)
CLDN18.2 4 13 17
=)
Total 10 14 24
Concordance rate: 79%, k=0.55 (P=0.005)
0-10% of CLDN18.2  Biopsy specimen
positive cells CLDN18.2 0 3 3
+)
CLDN18.2 0 87 87
=)
Total 0 90 90

Concordance rate: 97%, x: N/A

Kappa values were interpreted based on the Landis and Koch criteria: slight (0.00-0.20), fair (0.21-0.40),
moderate (0.41-0.60), substantial (0.61-0.80), and almost perfect agreement (0.81-1.00)

N/A not applicable, CLDN18.2 Claudin-18 isoform-2

Grade <2, 31 (82%) were classified as Grade < 1b and
7 (18%) as Grade 2. The concordance rate of CLDN18.2
positivity between the biopsy specimens pre-neoadjuvant
chemotherapy and surgically resected specimens post-
neoadjuvant chemotherapy was 82% (31/38, k=0.45,
P <0.001) (Table 4). Of the 11 patients who demonstrated
CLDN18.2 positivity pre-neoadjuvant chemotherapy, only
4 were positive post-chemotherapy. Meanwhile, all the 27
patients who showed CLDN18.2 negativity pre-neoadjuvant
chemotherapy exhibited negativity post-chemotherapy. Even
when stratified by histological response, a similar trend was

@ Springer

Table 4 Status of CLDN18.2 expression pre- and post-neoadjuvant
chemotherapy in 38 patients who underwent neoadjuvant chemother-
apy followed by gastrectomy

Post-neoadjuvant chemotherapy Total
CLDNI18.2 (+) CLDNI18.2 (-)
Pre-neoadjuvant chemotherapy
CLDN18.2 (+) 4 7 11
CLDN18.2 () 0 27 27
Total 4 34 38

CLDN18.2 Claudin-18 isoform-2
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observed, with a concordance rate of 84% (26/31; k=0.53,
P <0.001) among patients with histological response
Grade < 1b (Table S4). Moreover, a paired comparison using
the percentage of CLDN18.2—positive tumor cells (24+/3+)
demonstrated a trend toward decreased expression following
neoadjuvant chemotherapy (P =0.061, Figure S2).

Discussion

In this study, a detailed analysis of the intratumoral heteroge-
neity of CLDN18.2 expression in surgically resected speci-
mens was conducted. The results indicated that the superfi-
cial pattern was the most common distribution in the cases
with heterogeneous expression patterns. We compared the
CLDN18.2 expressions between the matched biopsy and sur-
gically resected specimens and observed an overall concord-
ance rate of 86%. The concordance rate markedly decreased
in cases with heterogeneous expression patterns, particularly
in those with superficial patterns. These results indicate that
the intratumoral heterogeneity pattern of CLDN18.2 affects
the evaluation of CLDN18.2 expression using clinical
biopsy specimens.

Several studies have assessed CLDN18.2 expression in
GC, but differences in antibodies and positivity thresholds
likely account for the variability in reported expression rates
[21]. We used the same antibodies and positive criteria as the
landmark phase 3 trials, and the positive rate (31%) observed
in our study was similar to those in previous ones, with rates
of 24%-47% [8, 18, 22-26]. RFS and OS did not differ sig-
nificantly between CLDN18.2-positive and -negative groups,
and multivariate Cox analysis showed no survival impact of
CLDN18.2 status in our cohort. This result is consistent with
those of other studies, which indicated that CLDN18.2 may
not be a prognostic biomarker [23, 24, 27, 28].

In previous studies that investigated heterogene-
ity CLDN18.2 expression patterns only in cases with
2 +/3 + expression in>75% of tumor cells, the random
pattern was the most commonly observed [18, 19]. In con-
trast to previous studies, our cohort included cases with
2 +/3 + expression in > 10% of tumor cells to investigate
CLDN18.2 heterogeneity across a broader range of positiv-
ity, allowing assessment of variability even in tumors with
relatively low expression, and revealed that the superficial
pattern was the most frequently encountered distribution.
This pattern reflects reduced CLDN18.2 expression at the
invasive front of the GC, suggesting an association with
tumor progression and the subsequent metastatic events,
similar to other cancers [29-32]. These findings are con-
sistent with those of a previous IHC study involving 22
surgically resected GC specimens from CLDN18.2-nega-
tive cases; this IHC study employed a methodology com-
parable to ours [20]. The predominance of the superficial

pattern may affect the reliability of biopsy-based assessment
because biopsy specimens typically sample only the superfi-
cial mucosal layer. In such cases, patients may be diagnosed
as CLDN18.2-positive based on biopsy, despite not meeting
the >75% cutoff when the entire tumor is evaluated.

Although several studies have investigated the hetero-
geneity of CLDN18.2 expression, none have evaluated its
impact on the assessment of biopsy specimens. We dem-
onstrated that the superficial pattern may increase the posi-
tive rate for CLDN18.2 in biopsy specimens compared with
that in surgically resected specimens. However, the dif-
ference in the positive rates between the specimens in our
cohort was only 3% (25% vs. 22%). As most samples in
the SPOTLIGHT and GLOW trials were biopsies (81% vs.
19% resected specimens) [22], biopsy specimens are likely
sufficient to evaluate CLDN18.2 expression. In addition, in
our cohort, there was one case with a homogeneous expres-
sion pattern in which the biopsy was CLDN18.2-negative,
and three cases with 0-10% CLDN18.2-positive cells in the
surgical specimens in which the biopsies were positive. This
marked discrepancy may suggest that the biopsy specimens
obtained from tumor regions with entirely different charac-
teristics compared to those assessed in the resected speci-
mens. For CLDN18.2 testing, multiple biopsies (six or more
biopsies) from different tumor regions are recommended
to account for intratumoral heterogeneity as previously
reported [23]. To reduce the impact of spatial heterogene-
ity, biopsies including deeper tumor regions are preferable,
although routine endoscopic sampling is limited. When
biopsy results are uncertain, surgically resected specimens
can be used as a reference.

In this study, we investigated the changes in CLDN18.2
expression pre- and post-chemotherapy without zolbetuxi-
mab, and found the concordance rate was 82%. In a ret-
rospective Japanese study of unresectable or metastatic
GC, biopsy concordance before and after first-line chemo-
therapy was 75% (13/17) [24]. Meanwhile, Shitara et al.
reported a 61% (22/36) concordance of CLDN18.2 posi-
tivity between archival and baseline tumor samples after
treatment in unresectable or metastatic GC [22]. In our
cohort, 7 of the 11 CLDN18.2-positive cases pre-neoad-
juvant chemotherapy became negative post-chemotherapy,
whereas no cases demonstrated a negative-to-positive
change. This trend is consistent with those in previous
studies [8, 22, 24]. The shift in the CLDN18.2 status from
positive to negative post-chemotherapy could be attributed
to the direct effect of chemotherapy on the CLDN18.2
expression itself as well as the impact of chemotherapy-
induced tumor reduction on the evaluation of CLDN18.2-
stained cells. As chemotherapy prior to CLDN18.2-target
therapy may induce a shift in CLDN18.2 expression from
positive to negative, it would be preferable to use the most
recently collected samples which are considered to best
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reflect the current tumor status for companion diagnosis,
particularly when the CLDN18.2-target therapy is consid-
ered in later treatment lines. However, if CLDN18.2 nega-
tivity has already been confirmed in previously resected
specimens, reassessing its expression using a recent post-
chemotherapy specimen would not be needed.

This study has several limitations that need to be
acknowledged. First, it followed a retrospective design and
was conducted in a single institution, which may limit the
generalizability of our findings. However, we considered
that the methods for specimen preservation and evaluation
were the same; thus, there was some advantage as regards
consistency in the assessment of CLDN18.2 expression. The
fact that CLDN18.2 positivity rates were similar between
older and newer cases suggests that tissue preservation at
our institution was not a limiting factor. Second, we assessed
CLDNI18.2 in multiple biopsies but only one section per
resected specimen, which may underestimate expression in
deeper tumor regions. However, this approach reflects rou-
tine pathological practice and ensured consistency across
cases. Future studies incorporating multi-section analyses
may provide a more comprehensive assessment of intra-
tumoral heterogeneity. Third, in the comparison between
biopsy and surgically resected specimens and pre- and post-
chemotherapy, the small number of discordant cases made it
difficult to analyze more detailed characteristics. Neverthe-
less, to the best of our knowledge, this is the largest study
to date to specifically address the issue of concordance.
Lastly, the present study did not assess the inter-institutional
or inter-observer variability in the evaluation of CLDN18.2
expression. In previous phase 3 trials, CLDN18.2 expression
was reported to exhibit a bimodal distribution, with tumors
clustering at either 0% or >75% positivity [22], suggest-
ing that inter-institutional or inter-observer variability may
not be a major concern. However, whether such variability
truly has minimal impact remains to be fully evaluated, and
future perspectives should include the potential role of digi-
tal pathology or Al-assisted scoring to enhance consistency
and standardization.

In conclusion, we comprehensively investigate the
intratumoral heterogeneity of CLDN18.2 in resectable GC,
and demonstrated that the common heterogeneous type
was the superficial pattern, followed by the random pat-
tern, which has the potential to decrease the concordance
rate between the biopsy and surgically resected specimens.
Chemotherapy may alter CLDN18.2 expression from
positive to negative. To select the best treatment for the
patient, accurate determination of CLDN18.2 positivity is
imperative. The study will provide better understanding of
the intratumoral heterogeneity of CLDN18.2.
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